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WKHVH VROXWLRQVKDYHEHHQ KLJKOLJKWHGE\ DKDQGIXORI VWXGLHV %DONH HW DO 'XHUU)XUWK	
0XOOHU-DQRV	)XUWK/LQDQG6NDEDUGRQLV8QIRUWXQDWHO\WZRPDMRUODFNVFDQ
VWLOOEHSRLQWHGRXWGXULQJKHDY\WUDIILFLHIIHFWLYHQHVVRI763LVUHGXFHGVLQFHJUHHQSKDVHVRIWUDIILF
VLJQDOKDYH WRDUUDQJH IRUERWKEXVHVDQG UHPDLQLQJ WUDIILF LL'%/VDUHQRWQHFHVVDULO\DSSURSULDWHG
EHFDXVHWKHODQHUHGXFWLRQOLPLWVWKHDYDLODEOHFDSDFLW\IRUWUDIILF
7RRYHUFRPHWKHVHGUDZEDFNV9LHJDV	/XKDYHLQWURGXFHGWKHFRQFHSWRIDQ,QWHUPLWWHQW%XV
/DQH,%/7KLVV\VWHPLVEDVHGRQWKHLGHDWKDWFDSDFLW\RID'%/FDQEHLQFUHDVHGE\RSHQLQJWKHEXV
ODQH WR JHQHUDO WUDIILF LQWHUPLWWHQWO\ ZKHQ QRW LQ XVH E\ D EXV 7KXV DQ ,%/ FRQVLVWV LQ SUHYHQWLQJ
YHKLFOHV IURP UHDFKLQJ WKH EXV ODQH RQO\ ZKHQ VXFK D YHKLFOH LV DFWXDOO\ GULYLQJ 763V DUH RIWHQ
FRPELQHGWRIOXVKWKHTXHXHVDWWUDIILFVLJQDOVDQGFOHDUWKHZD\IRUWKHEXV)LUVWH[SHULPHQWDWLRQFDUULHG
RXW LQ /LVERQ UHYHDOV DQ RYHUDOO LQFUHDVH RI XS WR  LQ WKH EXV DYHUDJH VSHHG ZLWK QR VLJQLILFDQW
LQIOXHQFHRQWKHJHQHUDOWUDIILFVWUHDP9LHJDV	/X&RQVHTXHQWO\,%/VVHHPWRSUHVHQWDKLJK
SRWHQWLDOWRLPSURYHHIILFLHQF\RIEXVV\VWHPVLQXUEDQDUHD1HYHUWKHOHVVLPSDFWVRI,%/VRQWKHJHQHUDO
WUDIILFVWUHDPFDQQRWDOZD\VEHDQDO\WLFDOO\DVVHVVHG7KLVOLPLWDWLRQLVYHU\UHVWULFWLYHVLQFHWUDIILFIORZ
WKHRU\FDQEHYHU\XVHIXOWRDQDO\]HWKHIHDVLELOLW\FRVWVDQGEHQHILWVRIDQ,%/EHIRUHLPSOHPHQWDWLRQ
7RWKLVHQG(LFKOHU	'DJDQ]RKDYHVWXGLHGEXVODQHVZLWKLQWHUPLWWHQWSULRULW\%/,3RQHRI
WKH ,%/ YDULDQWV ,Q WKLV SDUWLFXODU FDVH JHQHUDO WUDIILF DUH IRUFHG RXW WKH ODQH UHVHUYHG IRU WKH EXV
ZKHUHDVLQWKH,%/FDVHYHKLFOHVDOUHDG\LQWKHEXVODQHDUHQRWUHTXHVWHGWROHDYHWKHODQH7KHDXWKRUV
XVHGWKHNLQHPDWLFZDYH.:WKHRU\WRDQDO\WLFDOO\HYDOXDWHWKHIHDVLELOLW\FRVWVDQGEHQHILWVRI%/,3V
%/,3V VROXWLRQV DUH FRPSDUHG ZLWK WKH '%/ DQG GRQRWKLQJ DOWHUQDWLYHV WR LGHQWLI\ WKH GRPDLQ RI
DSSOLFDWLRQRI%/,3V+RZHYHUWKHXVHRIWKH.:WKHRU\LVDOLPLWLQJFRQGLWLRQVLQFHWUDIILFLVPRGHOHG
DVDVLQJOHSLSHVWUHDPZKHUHYHKLFOHVDUHKRPRJHQHRXV(VSHFLDOO\QHLWKHU ODQHFKDQJHVQRUERXQGHG
DFFHOHUDWLRQ DUH WDNHQ LQWR DFFRXQW 7KHVH SKHQRPHQD FDQ KDYH DPDMRU LPSDFW LQ WKH YLFLQLW\ RI ODQH
UHGXFWLRQLHQHDUWKHVLJQDOVZKHUH%/,3VVROXWLRQVDUHVHWRII0RUHRYHU%/,3VDUHFRQVLGHUHGLQWKLV
SDSHUDVEODFNER[HV7KXVWKHDXWKRUVGRQRWVWXG\LPSDFWVRIFRPPDQGVRQWKHJHQHUDOWUDIILF
&KLDEDXWHWDOILOOHGWKHVSHFLILFODFNVRIWKHSUHYLRXVUHIHUHQFHV%/,3VDFWLYDWLRQDWWKHILUVW
WUDIILFVLJQDORIWKHH[SHULPHQWDOVLWHLVPRGHOHGH[SOLFLWO\E\DQDQDO\WLFDODSSURDFKEHFDXVHVDWXUDWLRQ
IORZFDQEHUHGXFHGGXHWR%/,3VDFWLYDWLRQ7KXVD%/,3VYDULDQWRQDORQJVWUHHWLVFRQVLGHUHGZKHUH
'%/ LV DFWLYDWLQJ ZKHQ WKH EXV HQWHUV LQ WKH H[SHULPHQWDO VLWH DQG XQWLO LW SDVVHV WKH ILUVW VLJQDO
&RQVHTXHQWO\LQGLYLGXDOYHKLFOHVDKHDGRIWKHEXVH[SHULHQFHDODQHUHGXFWLRQZKHQ%/,3VLVDFWLYH$
FDSDFLW\GURSFDQWKHQEHREVHUYHGDWWKHILUVWVLJQDOEHFDXVHRIWKHERXQGHGDFFHOHUDWLRQRIWKHTXHXLQJ
YHKLFOHV DQG WKH PHUJH SKHQRPHQD RI ODQHFKDQJLQJ YHKLFOHV 7KH REWDLQHG UHVXOWV DSSHDU WR KDYH
HQFRXUDJLQJHIIHFWVRQWKHRSHUDWLRQ+RZHYHUWKHVHDQDO\WLFDOUHVXOWVVWURQJO\GHSHQGRQWKHPRGHOLQJ
DVVXPSWLRQV DQG WKHFDSDFLW\GURSPRGHOKHUHFDQQRW WDNH LQWRDFFRXQWDOOSKHQRPHQD OLQNHG WR ODQH
FKDQJLQJPDQHXYHUVHVSHFLDOO\WKHUHOD[DWLRQSURFHVV0RUHRYHUHDFKPRGHOKDVVHYHUDOFRPSOH[FDVHV
WRDQDO\]H
7R ZRUN RQ %/,3V DFWLYDWLRQ ZKLOH RYHUFRPLQJ WKHVH LVVXHV WKLV SDSHU SURSRVHV D VLPXODWLRQ
DSSURDFK7KHVLPXODWLRQSDFNDJHLVXVHGWRVWXG\%/,3VDFWLYDWLRQDWWKHILUVWWUDIILFVLJQDO7KLVQRWDEO\
PDNHV LW SRVVLEOH WR DFFRXQW IRU UHOD[DWLRQ SURFHVV DIWHU ODQHFKDQJLQJ 7RZDUG WKLV HQG VLPSOLILHG
DQDO\WLFDOPRGHOVDGDSWHGWRUHSURGXFH%/,3VDFWLYDWLRQDWWKHILUVWWUDIILFVLJQDORIWKHH[SHULPHQWDOVLWH
DUH SUHVHQWHG DQG HYDOXDWHG LQ VHFWLRQ  7KHQ WKHVH PRGHOV DUH UHILQHG DQG VLPXODWHG $ VHQVLWLYLW\
DQDO\VLVLVFDUULHGRXWWRLGHQWLI\WKHPRVWLQIOXHQWLDOSDUDPHWHUVRQ%/,3VDFWLYDWLRQHIILFLHQF\LQVHFWLRQ
)LQDOO\VHFWLRQSUHVHQWVDGLVFXVVLRQRI%/,3VDFWLYDWLRQ
0RGHOLQJRIG\QDPLFFRQWUROVWUDWHJLHV
%/,3V VWUDWHJLHVFRXOGEH LPSOHPHQWHG LQ VHYHUDOSUDFWLFDOZD\VRYHUYLHZV LQ9LHJDV	/X 
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DQG(LFKOHU	'DJDQ]R,QWKLVSDSHUZHSURSRVHWRXVHDQDFWLYDWLRQWHFKQLTXHEDVHGRQWUDIILF
VLJQDOV DQG EXV GHWHFWLRQ ,I D EXV LV GHWHFWHG DW D GLVWDQFH / IURP WKH LQWHUVHFWLRQ WKH GRZQVWUHDP
URDGZD\LVUHGXFHGIRUWKHQH[WVLJQDOF\FOHDQGXQWLOWKHEXVSDVVHVWKHLQWHUVHFWLRQ1RWLFHWKDWZHRQO\
IRFXVRQOLEHUDOVWUDWHJ\ZKHUHWKHUHVWULFWLRQLVDSSOLHGLQIURQWRIWKHEXV(LFKOHU	'DJDQ]R
'HVFULSWLRQRI%/,3VVLWHV
7KXVZH FRQVLGHU WKHODQH DQGODQH XQLGLUHFWLRQDO URDGV D VNHWFK VHH)LJD$%/,3V V\VWHP
RSHUDWHV GRZQVWUHDP RI WKH WUDIILF VLJQDO ORFDWHG DW [    ,Q WKLV VHFWLRQ [ !  WKH ULJKW ODQH LV
GHGLFDWHGWRWKHEXV
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)LJDVNHWFKRIWKHILUVWVLWHEIXQGDPHQWDOGLDJUDP
6LQFHZHRQO\IRFXVRQ%/,3VDFWLYDWLRQQREXVVWRSVDUHFRQVLGHUHGRQWKHVLWH&RQVHTXHQWO\EXVHV
DUH VXSSRVHG WR UXQ DW WKH VDPH VSHHG DV WKH RWKHUV YHKLFOHV$FWLYDWLRQ RI%/,3V VWUDWHJLHV \LHOGV WR
GLVWXUEDQFHVLQWUDIILFVWUHDPDOEHLWEXVFDQQRWEHFRQVLGHUHGDVPRYLQJERWWOHQHFNWKDWUHGXFHVORFDOO\
WKHFDSDFLW\/HFOHUFT,QGHHGWKHPHUJHEHKDYLRUXSVWUHDPRIWKHWUDIILFVLJQDODQGWKHERXQGHG
DFFHOHUDWLRQ RI YHKLFOHV UHGXFH WKH FDSDFLW\ DQG FUHDWH GHOD\ EXW QRW DV PXFK DV D '%/ ,W LV WKXV
DSSHDOLQJWRVWXG\DQGTXDQWLI\WKHHIIHFWVRIWKHDFWLYDWLRQ7RWKLVHQGZHUHVRUWWRWKHH[WHQGHG.:
WKHRULHVZLWKERXQGHGDFFHOHUDWLRQ
:LWKWKDWWKHVHVWUDWHJLHVIRFXVRQEXVHVEXWFDQEHHDVLO\H[WHQGHGWRRWKHUW\SHRIYHKLFOHVLHWD[LV
XUJHQF\YHKLFOHVDPEXODQFHVWUXFNVHWF
0RGHOLQJRIG\QDPLFFRQWUROVWUDWHJLHV
7KHWUDIILFLVVXSSRVHGWRREH\WRDWULDQJXODUIXQGDPHQWDOGLDJUDP)'&KLDEDXW	/HFOHUFT
WKDWRQO\GHSHQGVRQWKUHHREVHUYDEOHSDUDPHWHUVIUHHIORZVSHHGXNPKZDYHVSHHGZNPKDQGMDP
GHQVLW\ Ι YHKNP VHH )LJ E &DSDFLW\ & YHKK DQG RSWLPXP GHQVLW\ NF YHKNP FDQ EH HDVLO\
GHULYHG& XZΙXZ DQG NF &X $V SURSRVHG LQ(LFKOHU	'DJDQ]R  LW LV FRQYHQLHQW WR
GHILQHWKH)'RIWKHUHGXFHGURDGZD\ZKHQ%/,3VVWUDWHJ\LVDFWLYHVHH)LJE
7KHPDFURVFRSLF YDULDEOHV DUH GHILQHG DV IROORZV )RU DQ\ HTXLOLEULXP WUDIILF VWDWH$ SRLQW RQ WKH
)'WKHIORZDQGWKHGHQVLW\DUHUHVSHFWLYHO\GHQRWHGT$YHKKDQGN$YHKNP)LJEDOVRGLVSOD\VWKH
HTXLOLEULXPVWDWHWKDWWXUQVRXWWREHRILQWHUHVWWKURXJKRXWWKHSDSHU7KXVVWDWH2LVWKHHPSW\URDGZD\
VWDWH& LV WKH IXOO URDGZD\ FDSDFLW\ DQG VWDWH - LV WKH IXOO URDGZD\ MDPGHQVLW\ VWDWH$ LV WKH JHQHULF
XQFRQJHVWHG GHPDQG VWDWH % FRUUHVSRQGV WR WKH FDSDFLW\ RI WKH UHGXFHG URDGZD\ DQG VWDWH % WKH
FRQJHVWHGFRQGLWLRQVZLWKWKHVDPHIORZDVVWDWH%RQWKHIXOOURDGZD\
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2I SDUWLFXODU LQWHUHVW LV WKH WLPHVSDFH GLDJUDP GXULQJ %/,3V DFWLYDWLRQ 7KHUHE\ 7KH.:PRGHO
GHVFULEHV WUDIILF G\QDPLFV IRU WKH WKHRUHWLFDO VLWH JLYHQ WKH SDUDPHWHUV RI WKH )' DQG DGGLWLRQDO
SDUDPHWHUV VXFK DV WKH F\FOH OHQJWKF WKH UHGSKDVH U WKH VKRFNZDYH VSHHGX$% EHWZHHQ HTXLOLEULXP
VWDWH$DQG%WKHVKRFNZDYHVSHHGX$-EHWZHHQHTXLOLEULXPVWDWH$DQG-DQGWKHVKRFNZDYHVSHHGZ
EHWZHHQHTXLOLEULXPVWDWH-DQG%VHH)LJE
0RUHRYHU WKH .: WKHRU\ LV H[WHQGHG WR DFFRXQW IRU ERXQGHG DFFHOHUDWLRQ RI TXHXLQJ YHKLFOHV
/HFOHUFT9HKLFOHVDUHVXSSRVHGWRDFFHOHUDWHDWDFRQVWDQWDFFHOHUDWLRQUDWHDNPK7KLVUDWHLV
DVVXPHGLGHQWLFDOIRUDOOYHKLFOHV&RQVHTXHQWO\WKHILUVWYHKLFOHDWWKHVWRSOLQHFRQVWUDLQHGWKHXSVWUHDP
IORZXQWLO LW UHDFKHV IUHHIORZ VSHHGX7KHUHDUH WZRPDLQ WUDYHO VLWXDWLRQV IRU WKHEXV2QHFDVH WKH
TXHXHFDXVHGE\ WUDIILF VLJQDO UHGSKDVHGLVFKDUJHV LQRQHF\FOH VHH)LJ%XVDUULYHVDW ILUVW VLJQDO
LQWHUVHFWLRQDWDQDUELWUDU\WLPHDIWHUWKHGLVFKDUJHRITXHXH7KHVLJQDOXSVWUHDPLVLQFRQJHVWHGVWDWH%
GXULQJ WKHGLVFKDUJHRI WKHTXHXH DQG VWDWH% IRU GRZQVWUHDP7KH XSVWUHDPDQGGRZQVWUHDP WUDIILF
IORZVDUHLQWKHVDPHVWDWH$DIWHUWKHGLVFKDUJHRIWKHTXHXH,QWKLVFDVHWKHEXVUXQVZLWKWKHIDVWHVW
WUDYHOWLPHWKHIUHHIORZWUDYHOWLPHLH/X,IWKHEXVDUULYHVDWILUVWWUDIILFVLJQDOEHIRUHWKHGLVFKDUJH
RI TXHXH WKH K\SRWKHWLFDO IORZ SDWWHUQ FKDQJHV WR EH PRUH FRPSOH[ DQG WR EH LQ VHYHUDO GLIIHUHQW
VXEFDVHV 7KH EXV WUDYHO WLPH LQ WKLV VHFWLRQ VKRXOG EH JUHDWHU$QRWKHU FDVH LI WKH TXHXH GLVFKDUJHV
GXULQJPRUHWKDQRQHF\FOH7KHLOOXVWUDWLRQRIWUDIILFIORZLVPRUHFRPSOH[WKDQWKHSUHYLRXVFDVHVDQG
WKHUHDUHDOVRYDULRXVVXEFDVHV
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)LJ7LPHVSDFHGLDJUDPRI%/,3VDFWLYDWLRQZLWKERXQGHGDFFHOHUDWLRQ
2EVHUYHG IORZ DQG EXV WUDYHO WLPH FDQ EH HDVLO\ FDOFXODWHG E\ XVLQJ WKH YDULDWLRQDO WKHRU\ 7KH
DQDO\WLFDOIRUPXODHDUHSUHVHQWHGLQGHWDLOVLQ&KLDEDXWHWDODQGWKHH[WHQGHG/:5PRGHOZLWK
ERXQGHG DFFHOHUDWLRQ RI LQVHUWLQJ YHKLFOHV FDQ DOVR EH FDOFXODWHG DQDO\WLFDOO\ E\ XVLQJ WKH SUHVHQWHG
FDSDFLW\ GURS IRUPXODH +RZHYHU WKHVH DQDO\WLFDO IRUPXODH VWURQJO\ GHSHQG RQ WKH PRGHOLQJ
DVVXPSWLRQVDQG WKHUHDUHVRPDQ\ WKHRUHWLFDOFDVHV IRUD/:5PRGHO)XUWKHUPRUH WKHFDSDFLW\GURS
PRGHO KHUH FDQQRW WDNH LQWR DFFRXQW DOO SKHQRPHQD OLQNHG WR ODQHFKDQJLQJPDQHXYHUV HVSHFLDOO\ WKH
UHOD[DWLRQ SURFHVV /DYDO	 /HFOHUFT  %HFDXVH WKHUH LV QR HDV\ZD\ WR DQDO\WLFDOO\ DFFRXQW IRU
UHOD[DWLRQ+HQFHWRRYHUFRPHWKHVHLVVXHVDQGWRUHILQHWKHPRGHOZHUHVRUWWRDVLPXODWLRQDSSURDFK
6LPXODWLRQVWXG\
,Q WKLV VHFWLRQ WKH UHILQHG %/,3V DFWLYDWLRQ PRGHO LV LQYHVWLJDWHG LQ WKH VHQVLWLYLW\ DQDO\VLV 7KLV
DQDO\VLV ZLOO IRFXV RQ DFFHOHUDWLRQ UHOD[DWLRQ FRHIILFLHQW DQG LQVHUWLRQ OHQJWK XSVWUHDP RI WKH %/,3V
V\VWHP1RWHWKDWWKHVHODVWSDUDPHWHUVDUHQRWFRQVLGHUHGLQWKHDQDO\WLFDODSSURDFK
Z
%HJLQQLQJRIURDG
VWWUDIILFVLJQDO
/
%XVWUDMHFWRU\
X%
X
%XVWUDYHOWLPH
X$-
%
%RXQGHGDFFHOHUDWLRQ
$
U
W
Ȥ
F
2 %
$
$
-
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6LPXODWLRQWRRO
6LPXODWLRQV DUH SHUIRUPHG ZLWK D G\QDPLF PLFURVFRSLF WUDIILF IORZ PRGHO 7KH PRGHO XVHG LV
6\PX9LD ZKLFK LV EDVHG XSRQ D /DJUDQJLDQ UHVROXWLRQ RI WKH /:5 PRGHO 1HZHOO  /HFOHUFT
 &RQVHTXHQWO\ LW UHSURGXFHV LQGLYLGXDO WUDMHFWRU\ RI YHKLFOHV 0RUHRYHU WKH PRGHO KDV EHHQ
UHILQHG WR WDNH LQWR DFFRXQW ERXQGHG DFFHOHUDWLRQ ODQHFKDQJLQJ DQG UHOD[DWLRQ DIWHU ODQHFKDQJLQJ
7KXV FDSDFLW\ GURS JHQHUDWHG E\ WKH PHUJLQJ EHKDYLRU XSVWUHDP RI WKH ODQH UHGXFWLRQ LV DFFXUDWHO\
UHSURGXFHGE\WKHPRGHO/HFOHUFTHWDO
7KH VLPXODWLRQ WRRO LV FRQVLGHUHG ZLWK WKH VDPH WULDQJXODU )' DV IRU WKH DQDO\WLFDO DSSURDFK 7KH
FDSDFLW\RIWKHODQHFDQHDVLO\EHGHULYHGDVSUHYLRXVO\PHQWLRQHG7KHODQHFKDQJLQJPRGHOUHTXLUHVWZR
H[WUDSDUDPHWHUVWKHUHOD[DWLRQFRHIILFLHQWWKDWLVWKHGLIIHUHQFHLQVSHHGH[SHULHQFHGE\DODQHFKDQJHU
WRDWWDLQDVDIHJDSZLWKLWVOHDGHUDQGWKHWLPHWRH[HFXWHDODQHFKDQJLQJPDQHXYHU
'HVFULSWLRQRIVLPXODWLRQVLWHV
DE

)LJ6LPXODWLRQVLWHVDFDVHLEFDVHLL
7ZRVLPSOHFDVHVDUHVLPXODWHGODQHFDVHLDQGODQHFDVHLLXQLGLUHFWLRQDOURDGVVHH)LJ
7KHVH VFHQDULRV DUH VLPLODU WR WKHVH FRQVLGHUHG LQ WKH DQDO\WLFDO DSSURDFK & DQG& DUH WKH VHQVRUV
ZKLFKFDQGHWHFWWKHYHKLFOHV¶FXPXODWLYHQXPEHUVDQGSDVVLQJWLPHVDWHDFKORFDWLRQ(LVWKHHQWUDQFH
DQG6LVWKHH[LWOLVWKHLQVHUWLRQOHQJWKXSVWUHDPRIWKH%/,3V\VWHP7KHDUURZVDUHWKHYHKLFOHVWUDYHO
GLUHFWLRQV7KHURDGDQGWUDIILFSDUDPHWHUVDUHGHILQHGLQ7DEOH
7DEOHD5RDGSDUDPHWHUVE7UDIILFSDUDPHWHUV
5RDGSDUDPHWHUV 9DOXHXQLW
/HQJWKRIVHFWLRQ/ P
6LJQDOF\FOHF V
5HGSKDVHU V
2IIVHWį V
/HQJWKRIUHGXFHGODQHO P
,QYHVWLJDWLRQVRIEXVWUDQVLW1DNDQLVKLVKRZWKDWWKHPRVWLPSRUWDQWLQGLFDWRUVDUHWKHDYHUDJH
RI REVHUYHG IORZ 4P2E WKH DYHUDJH RIPD[LPXP IORZ EHWZHHQ  SDVVDJHV RI EXV &PR\ DQG WKH
DYHUDJHRIEXVDQGYHKLFOHWUDYHOWLPHV771RWHWKDWREVHUYHGIORZVDQGWUDYHOWLPHVGHSHQGRQWKHEXV
GHWHFWLRQWLPH)RUHDVHRIXQGHUVWDQGLQJGHWHFWLRQWLPHVDUHVXSSRVHGWREHXQLIRUPO\GLVWULEXWHG

 6\PX9LDKWWSZZZHQWSHIUIULQWHUQHWFRQWHQXGHSDUWHPHQWVWUDQVSRUWVODERUDWRLUHBOLFLWSODWHIRUPHVBGHBVLPXODWLRQSODWH
IRUPHBV\PXEUXLWBV\PXYLDV\PXYLD
7UDIILFSDUDPHWHUV 9DOXHXQLW
)UHHIORZVSHHGX PV
:DYHVSHHGZ PV
&DSDFLW\SHUODQH& YHKV
-DPGHQVLW\SHUODQHΙ YHKP
& &
( 60HUJLQJRIYHKLFOHV
%/,3V$FWLYDWLRQO
( 6
&& %/,3V$FWLYDWLRQO
0HUJLQJRIYHKLFOHV
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7KHHQWHULQJIORZLVDVVXPHGHTXDOO\WREHGLVWULEXWHGRQHDFKODQH0RUHRYHUIRUHDFKWHVWHGFDVH
ZHGHILQHWKHUHIHUHQFHVFHQDULRVFDVHLIRUFDVHLDQGFDVHLLIRUFDVHLL)RUWKHVHVFHQDULRVWKH
SDUDPHWHU YDOXHV DUH İ    V UHOD[DWLRQ FRHIILFLHQW D   PV DFFHOHUDWLRQ UDWH O   P
LQVHUWLRQOHQJWKXSVWUHDPRIWKH%/,3V\VWHPĲ VWLPHWRH[HFXWHDODQHFKDQJHPDQHXYHU+ 
F\FOH EXV IUHTXHQF\1RWLFH WKDW WKH IUHTXHQF\ UHIHUVKHUH WR WKH WLPHEHWZHHQ WZR VXFFHVVLYHEXVHV
7KHXSVWUHDPGHPDQGT$LVHTXDOWRYHKKIRUFDVHLDQGYHKKIRUFDVHLL
'XHWRWKHUDQGRPQHVVRIWKHODQHFKDQJLQJPRGHOLQ6\PX9LDLWLVQHFHVVDU\WRVWXG\WKHLPSDFWRI
VLPXODWLRQUHSOLFDWLRQWRGHILQHWKHQXPEHURIUHSOLFDWLRQVWRSHUIRUP,WDSSHDUVWKDWQXPEHULVHTXDOWR
IRUFDVHLDQGIRUFDVHLL
&RPSDULVRQRIWKHDQDO\WLFDODQGVLPXODWHGUHVXOWV
)LUVWRIDOOYDOLGLW\RIWKHRXWSXWVSURYLGHGE\WKHVLPXODWLRQWRROKDVWREHYHULILHG7RWKLVHQGWKH
UHVXOWVRIWKH/:5PRGHOZLWKERXQGHGDFFHOHUDWLRQRITXHXLQJYHKLFOHVDUHFRPSDUHGWRWKHVLPXODWHG
RQHV1RWLFHWKDWWKHUHOD[DWLRQSDUDPHWHULVQRZIL[HGDQGHTXDOWRVWREHFRQVLVWHGEHWZHHQWKHERWK
DSSURDFKHV%HFDXVHWKHELJJHUİLVWKHOHVVUHOD[DWLRQLPSDFWVWUDIILFVWUHDP
:H FRPSDUH KHUH WKH HYROXWLRQV RI WKH DYHUDJH RI REVHUYHG IORZZLWK UHVSHFW WR WKH GHPDQG OHYHO
4P2E YVT$ )LJ D GHSLFWV WKH UHVXOWV RI FDVH L DQG )LJ E RI FDVH LL ,W DSSHDUV WKDW ZKHQ WKH
GHPDQGT$LVPXFKVPDOOHUWKDQWKHFDSDFLW\RIWKHUHGXFHGVLWXDWLRQT$YHKKIRUFDVHLDQGT$
  YHKK IRU FDVH LL VLPXODWHG UHVXOWV SHUIHFWO\ PDWFK DQDO\WLFDO FXUYHV 1HYHUWKHOHVV ZKHQ
GHPDQGV UHDFK RU H[FHHG WKH UHGXFHG FDSDFLWLHV VLPXODWHG UHVXOWV DUH DOZD\V VPDOOHU WKDQ DQDO\WLFDO
RQHV7KLV LV QRW VXUSULVLQJEHFDXVH WKH VLPXODWLRQ WRRO UHSURGXFHVSKHQRPHQD WKDW DUH QRW WDNLQJ LQWR
DFFRXQWE\WKHDQDO\WLFDOPRGHODQGWKDWUHGXFHFDSDFLW\IRUKLJKYDOXHVRIGHPDQG)LQDOO\LWWXUQVRXW
WKDWWHQGHQFLHVRIERWKDSSURDFKHVDUHFRQVLVWHQW7KXVRQHFDQVDIHO\FRQFOXGHWKDWVLPXODWHGUHVXOWVDUH
LQDJUHHPHQWZLWKDQDO\WLFDORQHV
DE
          






T$YHKK
4P2QYHKK


$QDO\VLV
6LPXODWLRQ YHKK
        









T$YHKK
4P2EYHKK


$QDO\VLV
6LPXODWLRQ
YHKK

)LJ&RPSDULVRQVRIWKHDYHUDJHREVHUYHGIORZEHWZHHQDQDO\VLVDQGVLPXODWLRQDFDVHLEFDVHLL
6HQVLWLYLW\DQDO\VLV
7KLV VHFWLRQ DLPV WR LGHQWLI\ WKH SDUDPHWHUV WKDW KDYH WKH PDLQ LQIOXHQFHV RQ WUDIILF IORZ (DFK
SDUDPHWHU LV VHSDUDWHO\ WHVWHG IRU D W\SLFDO UDQJHRI YDOXHV7KHQ WKH HYROXWLRQVRI WKH VHOHFWHG WUDIILF
LQGLFDWRUVZLWKUHJDUGVWRWKHSDUDPHWHUDUHLQYHVWLJDWHGIRUWKUHHGHPDQGOHYHOVDQG
YHKK IRU FDVH L   DQG  YHKK IRU FDVH LL 5HVXOWV DUH SUHVHQWHG LQ GHWDLOV LQ WKH
IROORZLQJDQGFRPSDUHGWRWKHUHIHUHQFHVFHQDULRVFDVHLDQGFDVHLLWKDWDUHGHQRWHGE\GRWV
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)LUVWO\ WKH VHQVLWLYLW\ VWXG\ LV IRFXVHGRQ WKH DFFHOHUDWLRQ UDWH ,W VKRZV WKDWZKHQD LQFUHDVHV WKH
DYHUDJHRIREVHUYHGIORZLQFUHDVHVVHH)LJD,WLVQRWVXUSULVLQJEHFDXVHLQVHUWLQJYHKLFOHVQHHGOHVV
WLPHWRUHDFKWKHWDUJHWODQHVSHHGIRUKLJKYDOXHRIDFFHOHUDWLRQ0RUHRYHU4P2ELQFUHDVHVIDVWHUZKHQ
D,QGHHGWKHJURZWKUDWHRI4P2EGHFUHDVHVIURPD!WRD&RQVHTXHQWO\
4P2E LVPRUHVHQVLWLYH WRD IHZORZYDOXHVRI WKLVSDUDPHWHU%HVLGHVVLQFHGHPDQGULVHV IRUD IL[HG
DFFHOHUDWLRQLQRQHVFHQDULR4P2ELQFUHDVHVZLWKGHPDQG4P2EJRHVXSPRUHDWSRLQWD WKDQDW
SRLQWD ZLWK WKH VDPHJURZWK UDWHRIGHPDQG/DVWO\ WKHJURZWK UDWHRI4P2E DORQJZLWK WKH
VDPHJURZWKUDWHRIGHPDQGLQFDVHLLVPXFKELJJHUWKDQWKDWLQFDVHLLDWWKHVDPHDFFHOHUDWLRQSRLQW
)LJESUHVHQWVWKHHYROXWLRQRI&PR\ZLWKUHVSHFWWRWKHEXVIUHTXHQF\+1RWHWKDW&PR\FRQYHUJHV
WRZDUG D FRQVWDQWZKHQ WKH EXV IUHTXHQF\ LQFUHDVHV 7KLV VRXQGV FRQVLVWHQWZLWK SK\VLFDO REVHUYDWLRQ
EHFDXVH%/,3VLVQRWRIWHQDFWLYDWHG6HFRQGO\&PR\LQFUHDVHVIDVWHUZKHQDIRUDJLYHQGHPDQG
7KLV LVFRQVLVWHQWZLWK WKHSUHYLRXVREVHUYDWLRQ VHH)LJD0RUHRYHU&PR\ HYHQ ULVHVDWPRVW
DORQJZLWKGHPDQGJURZWKUDWHZLWKWKHVDPH+DQGDYDOXHV(YHQWXDOO\ZKHQ+DQGDYDOXHDUHIL[HG
WKHJURZWKUDWHRI&PR\DORQJZLWKGHPDQGJURZWKUDWHLVWKHVDPHIRUERWKFDVHVDWPRVW
,Q)LJFEXVRUYHKLFOHWUDYHOWLPHGHFUHDVHVIDVWHUZKHQDIRUDJLYHQGHPDQG,WWRWDOO\IDOOV
RIIDERXWV LQWKHUDQJHRID0RUHRYHUZKHQWKHGHPDQGLQFUHDVHVDW IL[HGYDOXHRIDFFHOHUDWLRQ LQ
RQHFDVHWKH77ULVHVDORQJZLWKGHPDQGJURZWK:KHQGHPDQGLVKLJKHUWKHGLIIHUHQFHRIEXV77RU
YHKLFOH77EHWZHHQWZRGHPDQGVLVUHGXFHG%XV77LVELJJHUWKDQYHKLFOH77IRUWKHVDPHGHPDQGDQG
DFFHOHUDWLRQYDOXHV)LQDOO\ IRUDJLYHQGHPDQG WKHGLIIHUHQFHEHWZHHQEXV77DQGYHKLFOH77 DOPRVW
UHPDLQVFRQVWDQWLQWKHUDQJHRIDDERXWVIRUFDVHLDQGDERXWVIRUFDVHLL
DEF
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)LJ6HQVLWLYLW\WRDDVHQVLWLYLW\RI4P2EEVHQVLWLYLW\RI&PR\F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